Purpose. To evaluate hip parameters such as vertical centre of rotation (VCR), horizontal centre of rotation (HCR), femoral offset, and leg length after total hip arthroplasty (THA) using the Nanos short-stem prosthesis. Methods. Medical records of 73 men and 74 women aged 25 to 92 (mean, 63) years who underwent THA using the Nanos short-stem prosthesis by a single surgeon were reviewed. Prior to the surgery, the optimal cup and stem size, head length, and level of the neck osteotomy were determined using radiographs. Intra-operatively, the leg length and femoral offset were checked, and the level of neck resection and head length were adjusted. VCR, HCR, femoral offset, and leg length of the operated and contralateral sides were compared. Functional outcomes were assessed using the Harris Hip Score (HHS). Results. Compared with the normal contralateral hips, the operated hips had a mean increase of 0.4
introduction
Total hip arthroplasty (THA) using a short-stem prosthesis (rather than traditional stems) preserves more bone stock for any future revision, 1 particularly in young and active patients who have a longer life expectancy and higher levels of activity, and thus are more likely to undergo revision. 2 Other reported advantages include less thigh pain, 3, 4 and ease of use in minimally invasive surgery because of the more medial entry point of the stem in the femoral neck. 5 The mid-term outcome of THA using a short stem has been excellent. 2, 3, [6] [7] [8] [9] Restoration of the hip anatomy (such as femoral offset and leg length) after THA leads to improved functional outcome. 10 Restoration of the femoral offset (the distance from the centre of the femoral head to the line bisecting the long axis of the femur) improves hip abductor strength11 and range of motion, 11, 12 and decreases limping, 13 dislocation risk, 14 cup strain, and polyethylene wear. 15, 16 Restoration of leg length improves patient satisfaction, gait, and back pain; leg length discrepancy (which can be as high as 27%) is the major cause of medical malpractice claims after THA. 17, 18 There are some concerns regarding restoration of hip anatomy in THA using a short-stem prosthesis. 19 Some THA designs need a long femoral neck segment for anchorage, and the implant has to follow the given angle and torsion of the femoral neck. Moreover, the position of the implant is partly determined by the height of the femoral resection level. 19 THA using the Metha short-stem design has achieved good outcome. 19 This study aimed to evaluate hip parameters such as vertical centre of rotation (VCR), horizontal centre of rotation (HCR), femoral offset, and leg length after total hip arthroplasty (THA) using the Nanos shortstem prosthesis.
Materials and Methods
Based on a previous study, 19 a minimum sample of 44 patients was needed to identify a difference of 5 mm (standard deviation, 10 mm) with an α=0.05 and a power of 90%.
Of all patients who underwent THA using the Nanos short-stem prosthesis (Smith and Nephew, Memphis [TN] , USA) by a single orthopaedic surgeon between March 2010 and March 2012, 73 men and 74 women aged 25 to 92 (mean, 63; standard deviation, 10) years fulfilled the inclusion criteria and their medical records were reviewed. Patients with contralateral joint replacement or hip pathology (severe osteoarthritis (i.e. Tonnis 3), coxa profunda, protrusio acetabuli, developmental dysplasia of the hip, avascular necrosis with femoral head deformity, prior hip trauma, and malignancy of the femur/ pelvis) that could affect radiographic evaluation were excluded, as were those without complete or goodquality radiographs. No patients were excluded based on bone shape/anatomy, cervico-diaphyseal angle, or patient age.
The patients were assessed prior to the surgery with clinical outcome scores and hip and pelvis radiographs. Prior to surgery, the optimal cup and stem size, head length, and level of the neck osteotomy were determined using radiographs. THA was performed through the posterior approach, with the patient placed in the lateral decubitus position. The external rotator muscles were incised using diathermy adjacent to their bone insertion site, and the posterior capsule was incised 't-fashion' following the superior margin of the piriformis, leaving 2 capsular flaps. Intra-operatively, leg length was assessed using a modified Schanz pin inserted in the iliac bone superior to the acetabulum. 20 With a T-handle attached to this pin, a metal ruler was used to measure a perpendicular distance (in mm) from the pin to a mark on the greater trochanter. After inserting the definitive cup and liner and with the femoral trial component in place, the hip was reduced. This manoeuvre was repeated to assess the leg length and adjust the level of neck resection and head length. Femoral offset was checked by assessing soft-tissue tightness, especially the fascia lata. For wound closure, the capsular flaps were sutured sideto-side using Ticron number 5 sutures. The external rotators were re-attached with Vicryl sutures.
Radiographic outcome was assessed at one year. A good radiograph was defined as the hip with the coccyx centred on the pubic symphysis, with both legs internally rotated 15º, and with bony landmarks (teardrop and lesser trochanter) clearly visible. A radiograph was considered unacceptable when the coccyx was >1 cm lateralised with respect to the centre of the pubic symphysis, or >3 cm above or below the superior edge of the pubis. 21 Internal rotation was assessed by measuring the width of both lesser trochanters. A radiograph was considered unacceptable when the difference between both lesser trochanters was >50%.
Radiographs were digitised, calibrated, and adjusted for any magnification based on the femoral head size and were measured by one of the authors. VCR, HCR, femoral offset, and leg length of the operated and contralateral sides were compared (Fig.) . 15, 18 Functional outcomes were assessed using the Harris Hip Score (HHS).
Data were tested for normality using the D´Agostino and Pearson test. Non-normally distributed data were analysed using the Wilcoxon matched-pairs signed rank nonparametric test. Normally distributed data were analysed using the paired, 2-tailed t test. A p value of <0.05 was considered statistically significant. To assess inter-observer variability, 40 randomly selected radiographs were assessed independently by another joint replacement trained fellow.
results
The cup used was the R3 (Smith and Nephew, Memphis [TN], USA); the median cup size was 54 (range, 46-62) mm; the median stem size was 3 (range, 0-6) mm; the head size was 32 mm in 14% of patients, 36 mm in 59%, 40 mm in 24%, and 44 mm in 3%; the head length was 0 (standard) in 70% of patients, -3 or -4 in 12%, +4 in 16%, and +8 in 2%. The bearing surfaces were ceramic on ceramic (Biolox Delta, CeramTec) in 18% of patients and ceramicised metal (Oxinium; Smith and Nephew, Memphis [TN], USA) on highly cross-linked polyethylene in 82%.
Compared with the normal contralateral hips, the operated hips had a mean increase of 0.4 mm in VCR (p=0.032), a mean decrease of 1.4 mm in HCR (p=0.027), a mean increase of 0.6 mm in femoral offset (p=0.043), and a mean increase of 0.36 mm in leg length (p=0.035) [ Table 1 ]. For these respective parameters, the difference between the normal Table 2 Inter-observer variability contralateral side and the operated side was within 5 mm in 89%, 80%, 71%, and 96% of patients.
The HHS was assessed in person (n=123) or via telephone (n=24). The HHS for the operated hip improved from a mean of 53 (95% CI, 51-56) preoperatively to 91 (95% CI, 89-93) at one year (p<0.001). Inter-observer variability was medium to high (all p<0.05, Table 2 ).
Two patients sustained a femoral neck fracture during broaching of the canal, which was resolved with a cerclage wire around the femoral neck and protected weightbearing for 6 weeks. Three patients had asymptomatic stem subsidence of 4, 6, and 7 mm at 3 months, but no further subsidence was noted in subsequent radiographs.
discussion
In our study, the mean increase of 0.4 mm in VCR indicated that the cup was implanted in a slightly more proximal position. Similar results have been reported in THA using standard, resurfacing, and short-stem designs. 16, 19, 22 This is because in arthritic hips, the acetabulum is usually eroded, particularly superiorly; restoring the VCR is challenging and leads to a more proximal position of the cup despite the stem designs. The mean decrease of 1.4 mm in HCR indicated a slightly more medial position of the cup, which usually occurs regardless of stem designs. 16, 19, 22, 23 It is considered beneficial owing to its positive effects on the abductor lever arm and joint reaction forces. 24 The mean increase of 0.6 mm in femoral offset was comparable to that reported in other studies: a mean increase of 2.8 mm for the MiniHip short stem, 25 a mean increase of 3.6 mm for the Metha short stem, 19 a mean increase of <1 mm for the Nanos short stem, 26 and a mean decrease of 0.6 mm for the Proxima short stem. 24 Unlike conventional femoral components, the level of the neck osteotomy affects the femoral offset when short stems are used. An increase in the femoral offset after THA is common in different stem designs. 16, 22 It is associated with better range of movement, functional outcome, stability, and less wear. 10, 11, 27 Therefore, an equal or slightly increased femoral offset is preferred. In our series, the femoral offset was augmented in 103 (69%) hips. The mean increase of 0.36 mm in leg length was comparable to that in other studies of short-stem designs where the mean increase has been reported to be 3.3 mm, 19 3.1 mm, 24 and 0.9 mm. 25 Limitations of this study were that the study was retrospective, and that all operations were performed by a single surgeon and therefore the outcomes cannot be extrapolated, and that radiography was used to measure 3-dimensional distances, such as femoral offset. Nonetheless, radiography is the method of choice because most surgeons use it to plan and assess their results, and it is as accurate and reliable as computed tomography. 27, 28 conclusion THA using the Nanos short-stem prosthesis enabled restoration of hip anatomy in terms of VCR, HCR, femoral offset, and leg length.
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